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Received Dec 13, 2012; accepted Jan 9, 2013Cranial ultrasound scanning (CUS) is the preferred modality
to image the neonatal brain by using the anterior fontanel
as the acoustic window,1 and it has become the neuro-
imaging standard of care in newborns. However, CUS also
has several limitations: quality of imaging depends on the
skills and experience of the ultrasonographer, some areas
of the brain are difficult to visualize, and several abnor-
malities remain beyond its scope.1,2 Thus far, few studies
have investigated the reliability or accuracy of CUS. This is
an interesting observation as far as randomized controlled
trials and interventional studies involving premature infants
often include severe CUS abnormalities among study out-
comes. The aim of the study was to assess the interobserver
reliability of CUS regarding the diagnosis of white matter
disease (WMD) between neonatologists and to assess the
accuracy of local interpretations of neonatologists with
different degrees of experience compared to a central
reader (radiologist).
The current study was based on consecutive CUS in-
vestigations of 28 neonates performed in 2004 (done by
B.R.). Diagnoses were verified by a pediatric radiologist
(M.R.), which served as the diagnostic “gold standard”. Six* Corresponding author. Division of Neonatology, Department of
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http://dx.doi.org/10.1016/j.pedneo.2013.01.020neonatologists (Observers 1e6) re-examined the CUS in
2010 by using a standardized protocol that is also used for
daily routine at our neonatal intensive care unit and
therefore well known by all the observers. The six readers
included four consultants with experience in CUS for more
than 10 years and two residents having attended the
neonatal ward for 1 year. The readers were blinded to the
aim of the study that was to assess the interobserver reli-
ability between neonatologists on reading CUS regarding
WMD. Real-time ultrasound scans were performed with a
commercially available unit (Philips/Advanced Technology
Laboratories Inc., Bothell, WA, USA) using a 7.5-MHz
transducer, and multiple images were obtained according
to standard CUS procedures.
Periventricular echodensities (PVEs) were defined as
confluent areas of increased echogenicity nearly compa-
rable with the echogenicity of the choroid plexus. The
confirmation of the findings in both the coronal and
sagittal planes was required prior to a definitive diagnosis
of PVE could be made. Periventricular leukomalacia (PVL)
was described in terms of the cysts being anterior to the
frontal horn of the lateral ventricle, parietal and lateral to
the body of the lateral ventricle, or occipital being adja-
cent and lateral to the occipital horn of the lateral
ventricle.3
The assessment of reliability between readerswas done by
using kappa (k) statistics with k> 75% generally considered to
be “good” to “excellent”. We tested readers’ agreement byed by Elsevier Taiwan LLC. All rights reserved.
Table 1 Interobserver reliability of six different observers compared with the “gold standard” regarding white matter
disease.
0* 1 2 3 4 5 6
Kappa 0.780 0.419 0.689 0.707 0.705 0.929
p 0.001 0.003 0.001 0.001 0.001 0.001
No WMD 18 (64) 20 (71) 16 (57) 22 (79) 20 (71) 19 (70) 19 (68)
PVE 6 (21) 5 (18) 7 (25) 2 (7) 5 (18) 4 (15) 5 (18)
PVL 4 (14) 3 (11) 5 (18%) 4 (14) 3 (11) 4 (15) 4 (14)
* 0 Z “gold standard” and 1e6 are different observers.
Data in parenthesis are presented as %.
PVE Z periventricular echodensities; PVL Z periventricular leukomalacia; WMD Z white matter disease.
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including normal reading and the presence or absence of PVE
and PVL. WMD was classified as “no WMD”, PVE, and PVL.
The study population included 28 neonates with a mean
gestational age of 32 weeks (range 25 to 42 weeks) and a
mean birth weight of 1910 grams (range 530 to 3880 grams).
Twenty-one neonates were preterm infants (75%), and 17
were of male gender (61%). PVE was diagnosed in six cases
and PVL in four cases. The interobserver results of six readers
(four consultants with approximately 10 years of experience
with CUS and two residents who just finished 1 year at the
neonatal ward) regarding the presence of WMD revealed a
good to excellent concordance as compared with the “gold
standard”. The mean value of k was 0.705 with a range from
0.419 to 0.929 (Table 1). No significant differences were
found between the readings of consultants and residents.
Follow-up data of these 10 infants revealed that four out of
six cases with the diagnosis of PVE developed normally and
two of them developed hemiplegia at a mean age at
follow-up of 7.7 years (range 1 to 12 years). All four infants
with the diagnosis of PVL developed cerebral palsy (2 cases
with tetraplegia, 1 case with diplegia, and 1 case with
hemiplegia) at a mean age of 10.3 years (range: 9e12
years). One infant was additionally diagnosed with severe
mental retardation, and two other infants had cortical
blindness and epilepsy, respectively.
Our interobserver reliability study revealing good to
excellent results regarding the classification of WMD is
astonishing as far as the classification of PVE is generally
subject to significant variations.4 Hintz et al5 reported on
poor agreement between two central readers and local
interpretations (including CUS from 326 infants) concerning
PVL alone. The sensitivity for PVL alone was low with 20.0%
and 44.4%, but the specificity was high with 97.2% and
98.1%, respectively. Similar to the study design of Corbett
et al,6 our observers/readers did not achieve any training
unit. The authors determined interobserver reliability of
eight independent observers representing five institutionson the interpretation of 20 CUS cases. Using the multiple
rater k statistics, they determined the interobserver
agreement and after condensing the interpretations of
cranial ultrasounds into two prognostic categories, i.e.,
favorable and unfavorable, they also found an excellent
agreement among the observers.
Our findings that there were no differences between the
observations of the experienced neonatologists and young
residents, who finished their time in the neonatal ward,
may be attributable to appropriate education. Neverthe-
less, results implicate the necessity of regular training for
all neonatologists to become more precise and accurate in
interpreting the results of CUS.
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